Abstract Allergic rhinitis (AR) underlies many symptoms and complications which severely affect children's quality of life. This two-arm study aimed at evaluate the efficacy and safety of the medical device Narivent Ò versus topical corticosteroids in the symptomatic management of allergic rhinitis in paediatric patients. A randomized study was conducted. Forty subjects with a diagnosis of allergic rhinitis were randomized to receive one puff of Narivent Ò into each nostril twice daily for 30 days (n = 20) or to receive one puff of topical intranasal corticosteroid into each nostril twice daily for 30 days (n = 20). In both treatment arms, severity of major symptoms related to AR, including nasal congestion, rhinorrhoea, sneezing and nasal itching, was assessed subjectively on a 0-100 mm visual analogue scale. Nasal congestion, rhinorrhoea and sneezing improved significantly after 30 days of treatment with Narivent Ò . Similarly, in topical steroids group severity of all subjective symptoms decreased significantly. Narivent Ò appears to be efficacious in treating nasal congestion and other major symptoms in children with AR over a 30-day period, showing comparable results to intranasal corticosteroids therapy but with a better safety profile.
Introduction
Allergic rhinitis (AR), an antigen-mediated inflammation of the nasal mucosa that may extend into the paranasal sinuses, is one of the most common illnesses in childhood and adolescence, affecting 10-40 % of young people worldwide. Its prevalence among children has been significantly increasing over the last two decades, accompanied by a parallel increase in comorbidity such as asthma [1] .
Though AR is considered as a mild disorder, often being regarded by parents as an irritation rather than as a disease, and frequently under diagnosed, misdiagnosed and mistreated [2] , it imposes a significant burden to children's daily life, quality of sleep, school performance and social activities, as well as physical and emotional health [3, 4] .
AR major symptoms typically include nasal obstruction and rhinorrhoea accompanied to sneezing, itchy nose, eyes and throat [4] . Nasal congestion is a hallmark of AR and is often the symptom patients find most troublesome and would like most to prevent [5, 6] . Furthermore, typical sleep-related problems seen in AR, such as sleep-disordered breathing, sleep apnoea, and snoring, are associated with nasal obstruction [7] . First generation antihistamines are not recommended due to their sedative effect and the consequent impairment of psychomotor, cognitive and academic functions in children [8, 9] . Second generation antihistamines have allowed overcoming these adverse effects. They are the medication of choice in patients with mild intermittent AR, but their efficacy is poor in the management of more severe cases [8] and in treating perennial rhinitis, because symptoms, predominantly nasal obstruction, are not histamine mediated [2, 10] , being therefore mostly a relief in the treatment of rhinorrhea, nasal itching and sneezing.
Topical nasal corticosteroids are commonly prescribed by pediatricians, rhinologists and allergologists. They act directly on the nasal mucosa and represent the most effective anti-inflammatory agents used for the treatment of pediatric allergic rhinitis [8, 11] . However, safety of these compounds remains controversial and main concerns derive from dose-related systemic adverse effects associated to long-term treatments, such as suppression of adrenocortical function, growth and bone metabolism [8, 11] . These concerns might not be implies in short term therapies, but researches focusing on children have often required high standards of safety [12] .
Pharmacotherapy of AR in children requires, therefore, great attention to dosing and the avoidance of the many adverse effects related to standard therapies. That is why there is a growing need for alternative or adjuvant treatments for the relief of AR symptoms, allowing to reduce the amount of pharmacological therapy in paediatric field. Decongestants and immunotherapy, equally present varying levels of safety and tolerability issues in children [13] . The use of osmotically acting medical device has been proven as an efficient solution in the treatment of nasal congestion [14] . Nasal lubricant containing eucalyptol, glycyrrhizin and mannitol has shown osmotic, antioedematous and anti-inflammatory actions. Mannitol in fact exerts potent and fast antiedema effects [15] and glycyrrhizin acts with antiinflammatory properties [16] .
The present study aimed at evaluate the efficacy and safety of the medical device Narivent Ò (DMG Italia Srl, Pomezia, Italy) versus intranasal corticosteroids therapy, in the management of allergic rhinitis symptoms in a paediatric population. Following clinical experience, the use of Narivent Ò was considered for the treatment of all symptoms of allergic rhinitis, broadening the knowledge of its action from its primary indication as decongestant, to a broader use a safe alternative in symptoms control. Changes in visual analog scale (VAS) scores for major symptoms were assessed both through a comparative evaluation between Narivent Ò and topical corticosteroids and through a before-after evaluation in each treatment group.
Patients and Methods

Study Population
Forty patients, male and female, aged between 5 and 18 years old, with allergic rhinitis presenting at the Ear, Nose and Throat (ENT) Department of the Santobono Pausilipon Hospital, Naples, Italy were enrolled in the present study between February and May 2012.
Patients were excluded if they had a diagnosis of cystic fibrosis, presence of asthma episodes in the 30 days preceding the study, any acute upper respiratory tract infection or the presence of massive occlusive polyps in the sinus.
At enrolment, patients or their parents/legal representatives provided verbal and written informed consent to participate in the trial. The study was conducted in compliance with the requirements of the Santobono Pausilipon Hospital Institutional Review Board.
Study Design and Assessments
This was a single-centre, two-parallel group, randomized study. Patients were randomly divided into two groups and followed for 30 days: in one group subjects were treated with one puff of Narivent Ò into each nostril twice daily; in the control group patients received one puff of topical intranasal corticosteroid (mometasone furoate monohydrate) into each nostril twice daily.
The diagnosis of AR was based on the Allergic Rhinitis and its Impact on Asthma (ARIA) criteria [17] and classified as follows: intermittent (symptoms lasting for less than 4 days/week or less than 4 consecutive weeks); persistent (symptoms lasting for more than 4 days/week and more than 4 consecutive weeks); mild (symptoms not interfering with daily activities); moderate-severe (symptoms impacting at least upon one or more items among sleep, daily activities, sport, leisure and school performance).
In both groups, patients were visited by the investigators at enrolment and after 30 days of treatment. A physical examination was conducted at the first visit through a complete ENT endoscopy. Turbinate hypertrophy was classified according to the examiner's personal experience as absent, mild (turbinates obstructing 1/3 of nasal fossae), moderate (turbinates obstructing 2/3 of nasal fossae) or severe (turbinates completely obstructing nasal fossae). Septal deviation was classified according to the examiner's personal experience as absent, mild (septum slightly deviated from baseline), moderate (septum markedly deviated from baseline) or severe (obstructing septum).
The Lund-Mackay scale was used to classify nasal polyps [18, 19] . Adenoid hypertrophy was classified as: absent, mild (slightly enlarged adenoids), moderate (adenoids enlarged but not beyond tubal ostium) or severe (adenoids enlarged beyond tubal ostium) [20, 21] .
The nasal mucosa was described as either normal, hyperaemic, pallid/livid or atrophic, and nasal secretions were described as either absent, haematic/purulent, pallid/ serous, or mucous.
During each visit, AR major symptoms, including the subjective feeling of nasal obstruction, rhinorrhoea, sneezing and nasal itching, were assessed. Measurements of symptoms severity from the patient's perspective were assessed by a visual analog scale (VAS; 0-100 mm) [22] , allowing subjects to rate their symptoms on a linear scale, where 0 corresponds to symptoms that are not troublesome at all and 100 corresponds to the most presumable troublesome symptoms [23, 24] . All adverse effects were recorded during the study.
Study Medical Device
According to the Directive 93/42/EEC, Narivent Ò is a class I medical device based on the application of rule 5 of annex IX. Narivent Ò is a nasal lubricant spray which acts osmotically, carrying out anti-oedematous and anti-inflammatory effects. The presence of components like mannitol (a wellknown osmotic agent) promotes the anti-oedematous action [25] . The anti-inflammatory activity derives from glycyrrhizin, a triterpene glycoside extracted from the roots of liquorice plant (Glycyrrhiza glabra) [26] . This compound has been proven to be the first direct inhibitor of the HMGB1 (high-mobility group box 1 protein), an intranuclear protein belonging to the alarmin family, which acts as a potent pro-inflammatory mediator when released in the extracellular environment [27] . Glycyrrhizin binds to highmobility group box one protein by means of a mechanical interaction, promoting the inhibition of its immune-activating properties [28, 29] .
Sample Size Calculation and Statistical Analysis
The primary outcome of the present study was symptoms' resolution (improvement in each symptom score from enrolment to week 4) as measured by the VAS. Sample size was computed with reference to the following scenario: a type I error of 0.05 and a power of 0.90. At this error level, 15 subjects are required to detect as significant a difference in VAS change rates over follow-up at least by two points (SD 1.5) after the administration of the treatment and between Narivent Ò and topical steroids groups. Assuming a drop-out rate of 30 %, 20 patients per group (total 40 patients) have been estimated as necessary for the conduct of the study. Continuous variables were always expressed as median and inter-quartile difference and categorical variables as percentages and absolute numbers. Differences between symptoms felt before and after treatment with Narivent Ò were compared using Wilcoxon signed rank test and Chi square test with Yates correction whenever appropriate. Tests were performed using the R system [30] .
Results
A total of 40 patients (twenty-one females and nineteen males) were enrolled in the study and median age was 9.6 years (I quartile: 6.9; III quartile: 12.3).
Demographic and disease characteristics of patients in both treatment groups are shown in Table 1 . Regarding the type of diagnosis according to ARIA classification, in the whole study sample, 19 patients (49 %) suffered from intermittent rhinitis. Symptom severity was classified as mild in 18 patients (47 %), while 20 subjects (53 %) showed moderate-severe manifestations. Adenoid, nasal mucosa and nasal secretions were similarly distributed in the two groups. No significant differences between the two groups were retrieved (all p [ 0.05).
Results from physical examination in both study groups at baseline are shown in Table 2 . No significant difference was retrieved between the two arm at baseline (all p [ 0.05). Table 3 shows the subjective evaluation of symptoms before and after 30 days of treatment with Narivent Ò . Nasal congestion, rhinorrhoea and sneezing were all significantly decreased (p \ 0.001) after treatment. As indicated by VAS score, nasal itching was improved although the effect was not statistically significant (p [ 0.05). Table 4 shows the subjective evaluation of symptoms before and after 30-day therapy with intranasal corticosteroids (INCs): all symptoms' evaluations were significantly improved following treatment (p \ 0.001). Table 5 shows the percentage reductions in VAS score for the major subjective symptoms of allergic rhinitis in each study group. For all symptoms, no significant differences were found between Narivent group and topical steroids group (p [ 0.05).
During the study, 15 patients (38 %) reported mild adverse reactions (Table 6 ). Compliance with both treatments and the use of concomitant therapies are shown in Table 7 .
Discussion
Allergic rhinitis is a widespread disease in children and adolescents [2, 10] . Although it is not a serious illness, AR is a clinically relevant condition because is a major cause of morbidity and a major risk factor for poor asthma control.
The traditional classification as perennial or seasonal, dependent on whether symptoms occur all year around or in relation to seasonal exposure to allergen [2, 4] , has been recently sided and in some cases substituted by a functional classification based on symptom severity (mild/moderatesevere) and frequency (intermittent/persistent) and useful in decisions regarding treatment strategies called ARIA [31] , adopted in 2001 by the World Health Organization, considering the high symptomatic burden of allergic rhinitis.
Nasal congestion is a prominent and troublesome manifestation of allergic rhinitis, along with rhinorrhea, sneezing, and pruritus of the eyes, nose, and throat [4] . Perception of nasal airflow is a subjective sensation and, by definition, difficult to quantify unless it is nearly complete [32] . Moreover, inconsistencies between subjective nasal obstruction and the appearance of the nasal cavities is common [32, 33, 34] . The visual analogue scale (VAS) offers a reproducible, quantifiable evaluation of patients' symptoms, which may provide more subtle information than simply asking whether the patient is better, the same, or worse [24] . In children suffering from allergic rhinitis, VAS has been found to represent a reliable tool, and scores adequately correlate with severity of symptoms according to ARIA items [35] . The goal of the present study was therefore to assess symptomatology's improvements by mean of a subjective tool, able to define patients' statuses.
The therapeutic goal is the relief of subjective symptoms and improvement of objective measures. Between the available treatment options for pediatric allergic rhinitis, the newer oral antihistamines and intranasal corticosteroids are first-line treatments [8, 36] .
Pharmacotherapy of AR in children is similar in many aspects to that in adults but requires attention to dosing and the avoidance of adverse effects.
Pharmacological strategies include a wide range of topical and oral decongestants, topical and oral antihistamines, anticholinergic agents, topical sodium cromoglycate, topical and systemic corticosteroids, leukotriene antagonists and a number of over the counter preparations [11] . Numerous preparations have been investigated for the symptomatic management of rhinitis, including isotonic/ hypertonic saline, nasal douche, mucolytic agents/phytomedical preparations, immuno-modulators/immunostimulants and bacterial lysate preparations, but substantial evidence for their benefit is lacking [37] And yet the most . N represents the number of patients on which data were statistically analysed for the selected variable. Combined refers to the all data recorded, without separation in groups effective proven strategy to treat nasal symptoms is represented by intranasal corticosteroids. They are the treatment of choice for persistent moderate-severe allergic rhinitis, even in children, as specifically indicated also from WHO manual for essential medicines, where the corticosteroid chlorpheniramine, (oral, 0.1 mg/kg/dose 6-8 hour) is specifically indicated at different posologies in children under 11 years old [38] . However, the use of topical steroids in pediatric patients remains controversial because of their safety profile [10, 39] . The most frequent local adverse effects are epistaxis, nasal dryness, burning, and stinging [40] , with the first two present also in this study, although epistaxis is usually due to the nozzle trauma to the nasal mucosa. Taking into account the adverse effects related to standard therapies and long-term treatments and the paucity of Patients rated the perceived degree of obstruction on a scale of 0 ('symptom not troublesome at all') to 100 ('the most troublesome symptom imaginable') evidence for the efficacy of symptomatic therapy, there is a growing need for alternative or co-adjuvant treatments to manage symptoms associated with AR in children. In this context, the role of medical devices is emerging thanks to their safety profile and the lack of severe side effects. Narivent Ò (DMG Italia Srl, Pomezia, Italy) is a medical device dispensing a nasal lubricant containing eucalyptol, glycyrrhizin and mannitol, that acts osmotically and has anti-oedematous and anti-inflammatory actions. The present study was conducted in order to verify whether treatment with Narivent Ò , compared with intranasal corticosteroids therapy, was effective in reducing nasal obstruction and other symptoms in children with allergic rhinitis.
Patients' perception of subjective nasal symptoms was assessed using a 0-100 mm VAS. Changes in VAS scores were assessed before and following a 30-day treatment period, and compared between the two study groups. In both arms, patients showing persistent allergic rhinitis, and moderate severe symptoms were equally distributed.
When considering concomitant treatments, in corticosteroids arm all patients were undergoing antihistamine treatment, while in Narivent Ò 's arm, only two were presently undergoing an antihistamine therapy. Taken that combined treatment of corticosteroids and antihistamine has been reported as showing an increased efficacy on nasal symptoms in patients [41] [42] [43] , the higher presence was considered as acceptable for the purpose of the study.
Results demonstrated a significant improvement in all major symptoms of allergic rhinitis, including rhinorrhoea, sneezing and nasal obstruction following treatment in both groups, not showing a significant difference when comparing percentage reaction. Nasal itching improvement was recorded as significant only in the corticosteroids group. Although at baseline median VAS score in Narivent Ò 's group was higher than in the other arm, upper limits before and after showed percentage reductions comparable between the two groups, confirming the efficacy on subjective symptoms in the observational period.
When considering nasal obstruction, median absolute improvement, considered as the difference between median VAS scores pre and post treatment, was higher in Narivent Ò 's arm. Same considerations could be made also for sneezing.
In both treatment arms, no severe adverse events were reported by patients over the treatment period. The incidence of nasal dryness was higher in Narivent Ò group than in steroid group, despite no direct causal relationship can be related to the medical device content, as it active ingredients has a known mucolytic and lubricating action; therefore we can suppose the nasal dryness could be more probably connected with the mechanical insertion of the device in the nasal cavities. The same consideration could be done for the epistaxis, which is usually mainly caused by the nozzle trauma, and that occurred less frequently in Narivent Ò group than in subjects treated with topical steroids group. Considering the contemporary use of antihistamines in all patients from corticosteroids arm, also the higher improvement in the median score of itching VAS could be explained within this study, that showed an overall better performance of Narivent Ò when considering symptoms' relief and occurrence of adverse events.
Final Remarks
Although the study period (30 days) was narrow, registered symptoms and side effects appeared to be in line with previous studies, allowing therefore to conclude on Narivent Ò 's effect. Even if in a small sample, this study provided evidence that in paediatric patients with allergic rhinitis Narivent Ò can improve nasal symptoms' control over a 30-day treatment and observational period, reaching in this time frame comparable results to those of intranasal corticosteroids therapy, but with less registered side effects (epistaxis).
